This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Problem Image Mailbox. 



(19) (YU) YUGOSLAVIA 



(12) PATENT APPLICATION B2 



FEDERAL PATENT OFFICE 
BELGRADE 

(21) Application No.: P 1756/88 

(22) Application submission date: 9.16.1988 

(41) Date laid open: 3.17.1990 

PG 1/1990 p. 413 
(43) Application publication date: 6.30.1990 

PG 3/1990 p. 809 

(71) Applicant: 

MECHANICAL ENGINEERING COLLEGE, 
SARAJEVO OOUR, Institute for process 
engineering, power engineering, and 
environmental engineering 
Omladinsko setaliste No. 5, 
71000 SARAJEVO 

(72) Inventor: 

SMAJEVIC, Izet, mr. dipl. ing. 
HANJALIC, Kemal, dr. dipl. ing. 
(74) Attorney: 



(54) Title: DEVICE FOR DETONATION-IMPULSE CLEANING OF INNER SURFACES 
OF A REACTOR FOR HIGH-PRESSURE COAL GASIFICATION 



(51) Int. CI. 4 : C 10J3/78 
B 08B 9/04 



(57) Abstract: 



Mr. Izet Smajevic, dipl. ing. 

Dr. Kemal Hanjalic, dipl. ing. 

Mechanical Engineering College, Sarajevo 

OOUR Institute for process engineering, 

power engineering and environmental engineering 

71000 SARAJEVO 

Device for detonation-impulse cleaning of inner surfaces of a reactor 
for high-pressure coal gasification 

Area of technology of the invention: 

The invention lies in the field of the processing industry and power engineering, especially the 
field of production of fuel gas based on high-pressure continuous gasification of coal, more 
exactly the field of application of shock waves for operational cleaning of the inner surfaces 
of gasification reactors. 

According to the International Patent Classification the invention corresponds to symbol 

Technical problem: 

The technical problem which is solved by this invention is defined as follows: in the process 
of coal gasification, especially the process of continuous high-pressure gasification of 
powdered coal, how to prevent buildup of deposits on the inner surface of the gasification 
reactor. How to accomplish periodic removal of the deposit located on the surfaces of the 
reactor by shock waves of controlled intensity, which will be generated by detonation 
combustion of suitable reagents in a special detonation pipe, with an initial excess pressure in 
the reagents, and situated outside of the reactor. How to enable a reliable control and selection 
of the intensity of the generated shock waves while at the same time observing the condition 
that the device based on this cleaning method will be effective, safe in operation, and cheap. 
How to provide a safe application of the detonation waves for removal of deposits under the 
conditions of the explosive and inflammable atmosphere in the reactor. 

The defined technical problem is solved by this invention of a device for detonation-impulse 
cleaning of inner surfaces of a reactor for high-pressure coal gasification. 
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Prior art: 

Modern, highly efficient methods of coal gasification entail a continuous, high-temperature 
gasification of powdered coal in reactors with considerable excess pressure. Those methods 
are at present in a phase of laboratory or semi-industrial operation (e.g. VEW-coal conversion 
process, Dortmund-Gummersbach; Installation for coal gasification - Energoinvest, Sarajevo). 
The walls of the reactors intended for that gasification have to be reliably cooled and for this 
they are usually covered on the inside with registers of economizer or evaporator tubes with 
an organized circulation of coolant agent. Coal particles which in the gasification process 
come into contact with the walls of the reactor are cooled and, in a certain number of cases, 
are retained on the walls, thus forming a deposit on the tube registers that considerably 
increases the thermal resistance. Removal of these deposits during the gasification process is 
not reliably solved at present. Experiments with pneumatic vibrators (VEW-Dortmund) have 
not given satisfactory results, while the use of shock waves for this purpose, generated by 
presently known methods, such as by air guns or by known variants of the detonation-impulse 
method, is not possible on account of the high pressure in the gaseous environment of the 
reactor, and also because the gaseous environment in the reactor is in fact gas, which is 
likewise prone to detonation combustion. Specifically, the intensity of the shock waves that 
are generated by air guns is not sufficient for emission in the high-pressure gaseous 
environment of the reactor (pressure above ten bars), while the presently known variants of 
the detonation-impulse methods of cleaning (Kazan University - USSR; VUZES, Bmo - 
Czechoslovakia, Mechanical Engineering College, Sarajevo - Yugoslavia) involve the 
generation of shock waves in impulse-detonation chambers with initial pressure of the 
reagents slightly above atmospheric pressure and at the same time with the open end of the 
chamber bound directly to the object being cleaned-without any closure elements. Since a 
high pressure prevails in the gaseous environment of the reactor, that method cannot be used 
for cleaning a reactor. Another problem is to provide such a detonation-impulse method of 
cleaning which guarantees that no such quantity of oxidizers will get into the explosive 
environment of the reactor as might result in an explosion in the reactor. 

Description of the solution of the technical problem: 

The invention entitled "Device for detonation-impulse cleaning of the inner surfaces of a 
reactor for high-pressure coal gasification" is shown in the drawings, namely: 
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Fig. 1 - shows the basic solution of the invention, in which the initial pressure of the reagents 
in the detonation pipe is less than the pressure in the reactor and in which shock waves are 
generated on the basis of burning of fuel stored in an external source 

Fig. 2 - shows variant I of the invention, designed so that the initial pressure of the reagents 
in the detonation pipe is equal to the pressure in the reactor, and so that gas from the reactor is 
used as fuel for generating the shock waves. 

In both of the solutions of this invention, shown in Fig. 1 and 2, the shortcomings mentioned 
in the prior art have been eliminated and a reliable removal of deposits from the coal 
gasification reactor is assured, in that, as claimed in Fig. 1, the outside of the pipe (26) of the 
reactor (25) is cleaned by shock waves which are generated in the detonation pipe (16) by 
forced burning of a mixture at a sufficient initial excess pressure, which is previously formed 
in the mixer (13), in such a way that a suitable flammable gas, suitably stored in the vessel 
(1), is let into a stable current of compressed air (line 9) by the opening of a magnetic valve 
(8), periodically, at appropriate pressure. During the time of filling with reagents, the 
detonation pipe (16) is separated from the gaseous environment of the reactor (25) by an 
impulse valve with pneumatic or hydraulic motor (22), which opens suddenly, shortly after 
the forced ignition of the mixture by the ignition source (17), admitting the already formed 
shock wave of particular intensity into the gaseous environment of the reactor, after which the 
valve (22) closes, also suddenly. After this, the magnetic valve (20) opens, thus allowing a 
continuous stream of air, which is taken into the detonation pipe (16) for a certain time 
through the mixture line (14), without mixing with the gas in the mixer (13) (the magnetic 
valve (8) is closed), while the products remaining after the detonation are removed from the 
detonation pipe (16) via the aerodynamic valve (19) with a vent (21). With this, the detonation 
pipe is in fact ready for another filling with mixture and for another detonation. By control 
fittings placed on the gas line (3) and the air line (9), and with the aid of flow meters (7) and 

(12) , a nearly stoichiometric, but fuel-enriched mixture is formed in the ejector type mixer 

(13) , which prevents the appearance of oxygen in the products after the detonation, while the 
inert exhaust which is partly emitted into the reactor from the shock wave after the opening of 
the impulse valve (22) cannot further enter into reaction with the gas in the reactor. Selecting 
an appropriate initial pressure of the reagents in the detonation pipe (16) — which incidentally 
is still less than the pressure of the gaseous environment in the reactor (25) — ensures the 
generation of shock waves whose intensity is such that the emitting of the waves inside the 
reactor is assured. 
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Variant I of the invention, shown in Fig. 2, affords generation of shock waves by detonation 
combustion of a mixture of compressed air (line 9) and gas from the gasification reactor (25), 
after forced ignition of the mixture by an ignition source (17) in the detonation pipe (16), at 
whose open end, with an enlargement (32) connected to the reactor (25), there are no closure 
elements at all, while the initial pressure of the reagents in the pipe (16) is equal to the 
pressure of the gaseous environment in the reactor. According to Fig. 2, the mixture of 
reagents is formed directly in the detonation pipe, in that a certain quantity of air, compressed 
by the compressor (2), is admitted into the cooled reactor gas which is already in the pipe 
(16), via the return valve (15) and the perforated pipe (28), by the opening of the magnetic 
valve (27). After being formed, the mixture, which is also fuel-enriched, but nearly 
stoichiometric, is forcibly ignited and burns before its moving boundary surface reaches the 
heated wire (31), whose purpose is to prevent any possible inflow of explosive mixture from 
the detonation pipe (16) into the reactor (26), where high temperatures prevail and where said 
mixture would spontaneously ignite. Because of the high initial pressure of the reagents, very 
powerful shock waves are generated in the detonation pipe (16), and the purpose of the 
enlargement (32) at the open end of the detonation pipe is to enable an expansion, as well as a 
sufficient weakening of the so generated shock waves before they are emitted into the gas 
space of the reactor. For a new detonation, the detonation pipe is filled with reactor gas, 
owing to the pressure difference, via the open end (32), and the portion of products from the 
previous detonation remaining behind at the closed end of the detonation pipe (16) is vented, 
by opening of the magnetic valve (30), via the vent (29), at whose end is likewise placed a 
heated wire (34) for burning that quantity of reactor gas that may have been mixed with the 
products and gotten in through the vent. After closing of the magnetic valve (30), the 
detonation pipe (16) is again filled with air and the process repeats itself. The cooling system 
for the detonation pipe (33) is connected to the cooling system for the reactor (26), and at the 
same time it chills the generator gas in the detonation pipe below the temperature of self- 
ignition. In both variants of the invention, the process is automatically controlled from a 
command cabinet (24) by means of cables for command voltages (a) through (k). 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification-the basic solution of the invention (Fig. l)-consists of several suitably 
interconnected units. The fuel gas line consists of a suitable number of cylinders with stored 
gas (1), as well as a gas transport pipe (3), whose design includes an intervention-computing 
check valve (4), a reduction valve for manual adjustment of the pressure in the second part of 
the gas tract (5), a safety valve with spring (6), a flow metering throttle (7), and a magnetic 
valve (8). The compressed air line consists of the compressor (2) and air transport pipe (9), 
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whose design includes a manual intervention valve (10), a manual pressure reduction valve 

(11) and a flow metering throttle (12). The mixture of air and gas of corresponding 
(explosive) composition is formed in an ejector type mixer (13) by adjusting appropriate 
predetermined flow rates of gas and air. These flow rates are read off on flow meters (7) and 

(12) , and if necessary are corrected at the reduction valves (5) and (11). The mixture is 
formed such that gas is periodically admitted into a stable current of air by the opening of the 
magnetic valve (8). The mixture formed in this way is taken by the ready mixture line (14), 
across the return valve (15), to the detonation pipe (16), namely, its closed end, where is also 
situated an electrical source for forced ignition of the mixture (17). The quantity of mixture 
that is admitted into the detonation pipe prior to ignition depends on the time of holding the 
magnetic valve (8), in the gas line, in the open position, and in this way, and also by adjusting 
the reduction valves (5) and (11) used to regulate the pressure of the reagents in the pipe (16), 
in fact, to regulate the intensity of the shock waves generated. The detonation pipe (16) is a 
pipe of appropriate diameter with one closed end, and whose other end, across an impulse 
valve with pneumatic or hydraulic motor (without a firm connection to the structure of the 
reactor) is introduced into the interior of the gasification reactor (25). The system for cooling 
the open end of the detonation pipe (23) also cools the impulse valve (22), and is connected to 
the cooling system of the reactor (26). A turbulizer (e.g. a perforated diaphragm) (18) is 
placed inside the detonation pipe at a distance, calculated in relation to the closed end of this 
pipe, equal to five times the diameter of the flow cross section of the detonation pipe, and its 
task is to turbulize the flow of reagents and oncoming flame in the predetonation combustion 
and thereby facilitate a faster establishment of conditions for the detonation combustion of the 
remaining portion of reagents. Immediately after the ignition of the mixture by the source 
(17), the magnetic valve closes in the gas line (8), due to the pressure difference the return 
valve closes in the mixture line (15), and the impulse valve (22) opens and the shock wave is 
emitted into the reactor. After this, the impulse valve (22) closes, the pressure difference will 
open the return valve (15), through which, this time, only air will come into the detonation 
pipe, and it will flush the detonation pipe of remaining combustion products through the 
aerodynamic valve (19) and the vent (21), by the opening of the magnetic valve (20) for this 
purpose. For still some time after the closing of the magnetic valve (20), only air will be 
admitted into the detonation pipe in order to adjust the given excess pressure in the reagents 
prior to burning, and after this the detonation pipe will be filled with a certain quantity of 
explosive mixture at the closed end, by the opening of the magnetic valve (8), and the process 
will repeat itself. The magnetic valves (8) and (20), the impulse valve (22) and the source for 
forced ignition of mixture (17) are automatically controlled, by means of cables for command 
voltage (b), (e), (f) and (d) from the command unit (24), in the design of which they are 
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placed in interlock by means of cables (a) and (c) for automatic shutoff of the system in the 
event of occurrence of mutually inconsistent flow rates of gas and air. 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification- variant I of the invention (Fig. 2)~consists of the compressed air line (9), 
whose design includes the compressor (2), the intervention-computing check valve (10), the 
reduction valve for manual regulation of the pressure (11), the magnetic valve (27), the flow 
metering throttle (12), the return valve (15) and the perforated pipe (28), which is placed with 
its perforated part in the detonation pipe (16) with turbulizer (18) and source for forced 
ignition of the mixture (17) located at the closed end of the detonation pipe. The explosive 
mixture of reagents— reactor gas and air-is formed in such a way that a certain quantity of air 
is admitted into the reactor gas, cooled by the cooling system (33), which gas, through the 
open end without closure elements, fills the detonation pipe (16) to a pressure equal to the 
working pressure of the gaseous environment in the reactor, by the opening of the magnetic 
valve (27), such that this quantity of air, by means of the perforated pipe (28), is uniformly 
distributed in a certain volume of the detonation pipe, situated at its closed end. After reaching 
an explosive concentration of the mixture, which is checked by the intensity (flow meter 12) 
and dwell time of the air flow (the time during which the magnetic valve 27 is held in the 
open position), the magnetic valve (27) closes, and the mixture is lit by the ignition source 
(17). Since the shock wave developed in this way is rather weak in the appropriate 
enlargement (32), a shock wave of appropriate intensity is emitted into the gas space of the 
reactor (25), after which the detonation pipe is filled by a new quantity of reactor gas through 
its open end. After this, any combustion products which might be remaining at the closed end 
of the detonation pipe are released into the atmosphere, by the opening of the magnetic valve 
(30), through the vent (29), at the end of which is placed a heated wire (34) in order to burn 
off any escaping quantities of reactor gas. After the closing of the magnetic valve (30), as a 
result of a new quantity of air being admitted into the detonation pipe, an appropriate quantity 
of explosive mixture is again formed and burned, and the process continues. The purpose of 
the heated wire (31), placed in front of the open end of the detonation pipe, is to prevent any 
explosive mixture from getting inside the reactor, where said mixture would burn 
spontaneously, because of the high temperature. The process is automatically controlled by 
the command unit (24) and cables for command voltages (a), (d), (h), (i), (j) and (k). 
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Patent claims: 

1 . Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, characterized in that the pipe for ready mixture of reagents (14) with a 
return valve (15) is led into the detonation pipe (16) upstream from a turbulizer (18), in 
that the detonation pipe (16) is separated from the reactor gas space (25) by an impulse 
valve with pneumatic or hydraulic motor (22), in that there is placed on the detonation 
pipe (16), upstream from the impulse valve (22), an aerodynamic valve (19) with vent 
(20) and magnetic valve (20), and in that at the open end of the detonation pipe (16) and 
impulse valve (22) there is placed a cooling system (23), which is connected to the 
cooling system for the walls of the reactor (26). 

2. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in claim 1, characterized in that the pipe for ready mixture of 
reagents (14) is connected to an ejector type mixer (13), to which are connected at the 
other side a gas line (3) with cylinders of compressed gas (1) and an air line (9) from the 
compressor (2), in that on the gas line (3) and air line (9) are placed manual check valves 
(4) and (10), and then manual reduction valves (5) and (11) and flow meters (7) and (12), 
in that the gas line (3) also contains a safety valve (6) and magnetic valve (8), in that the 
magnetic valves (8) and (20), the impulse valve (22) and the source of ignition (17) are 
connected by command voltage cables (b), (e), (f) and (d) to a command cabinet (24), and 
in that the command cabinet (24) is connected by signal cables (a) and (c) to the flow 
meters (7) and (12). 

3. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in variant I, characterized in that the air line (9), across a 
return valve (15) and a perforated pipe (28), is directly introduced into the detonation pipe 
(16) with turbulizer (18) and source of forced ignition (17), in that the detonation pipe 
(16) by its open end, across an enlargement (32) is directly introduced into the gas space 
of the reactor (25) without closure elements, in that the outer wall for the entire length of 
the detonation pipe (16) is covered by a cooling system (33), which is connected to the 
cooling system of the reactor (26), in that a heated wire (31) is placed at the open end of 
the detonation pipe (16), and in that at the closed end of the detonation pipe (16) is placed 
a vent (29) with magnetic valve (30) and heated wire (34). 

4. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in claim 3, characterized in that the design of the air line (9) 
includes, downstream from the high-pressure compressor (2), a magnetic valve (27), in 
that the magnetic valves (27) and (30), as well as the source of forced ignition (17), are 



8 

connected by command voltage cables (d), (h) and (i) to a command cabinet (24), and in 
that the command cabinet (24) is connected by multiple-core cables (j) and (k) to the 
heated wires (31) and (34), and by the signal cable (a) to the flow meter (12). 



9 



Summary of the essence of the invention: 

The invention refers to a device for detonation-impulse cleaning of inner surfaces of a reactor 
for high-pressure coal gasification, for which, besides a basic solution, one variant solution of 
the device is also given. 

The basic solution of the invention involves the removal of deposits from inner surfaces of a 
reactor (26) by shock waves which are generated in a detonation pipe (16), situated outside of 
the reactor, by a detonation combustion of a previously prepared mixture, prepared in a 
particular way, of reagents-air and a suitable gaseous fuel Via the mixer (13), the reagents 
are introduced into the detonation pipe (16) and compressed to a suitable initial pressure-less 
than the pressure in the gaseous environment of the reactor. The detonation pipe is 
automatically separated from the gaseous environment of the reactor by a controlled impulse 
valve with pneumatic or hydraulic motor (22), which opens suddenly after the ignition of the 
mixture in the detonation pipe, admitting the shock wave into the reactor, and then it closes 
suddenly. 

The variant solution of the device is based on the generating of shock waves by forced 
ignition of a mixture of generator gas and compressed air at an initial pressure equal to the 
pressure in the gaseous environment of the reactor (26). At the open end of the detonation 
pipe (16) there are no closure elements, but instead a widening (32) ensures a sufficient 
weakening of the waves before they are emitted into the reactor. 
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Proposal for best method of economical use of the invention: 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification gives best results in relation to loose deposits, and therefore it needs to be 
used on a preventive basis, during operation of the reactor, and consequently quite often (e.g. 
3 to 6 times in the course of 24 hours). Long interruption in cleaning may lead to hardening of 
the deposits on the walls of the reactor, making it more difficult to remove them. One 
cleaning with this device entails generating a series of 10-15 shock waves. If required, one 
can also place several detonation pipes on a reactor with centralized preparation of the 
explosive mixture. 

The detonation pipes need to have a diameter of 150-200 mm and a length of 10-15 m, and 
one end needs to be closed. By its other, open end, the detonation pipe is introduced into the 
gas space of the reactor in a suitable place-usually in the region of lower temperatures. It is 
necessary to allow for dilatation of the open end of the detonation pipe, in relation to the wall 
of the reactor. For pressure of the gaseous environment of the reactor from 25 bar onward and 
introduction of external fuel for generating the wave, it is recommended that the initial 
pressure of the reagents in the detonation pipe be 4-5 bar. To generate one shock 
wave, one requires 0.4-0.7 Nm of mixed reagents, in a given ratio 



Page 1 




Page 2 



Smajevic, Izet; dipl. ing. Device for detonation-impulse cleaning of inner surfaces of a reactor for 
Hanjalic, Kemal; dipl. ing. high-pressure coal gasification (variant I of the solution) 




Fig. 2 



(19) (YU) JUGOSLAVUA 



(12) OB J A VL JEN A PRIJAVA PATENTA B2 




(51) Int. CI. 4 



C 10J 
B 08B 



3/78 
9/04 



SAVEZNT ZAVOD ZA PATENTE 
BEOGRAD 



(21) Broj prijave: p 1756/88 

(22) Datum podnosenja prijave: 16.09.1988 

(4 1 ) Datum od koga se prijava 17.03.1990 
mogia razgledati: 

~PG 1/1990 str.413 
(43) Datum objavijivanja prijave: 30.06.1990 

PG 3/1990 str.809 
(45) Datum objavijivanja patenta: 

(30) Medunarodno pravo prvenstva: 



(63 ) Dopunski patent uz osnovni 
patent broj: 

(62) Izdvojen patent iz prvobitne 



(71) Prijavilac: 

MASINSKI FAKULTET SARAJEVO 
OOUR Institut za procesnu 
tehniku, energetiku i 
tehniku sredine 

Omladinsko setaliste b.b. 

71000 SARAJEVO 

(72) Pronalazac: 

SMAJEVIC, Izet; mr . dipl . ing . 
HANJALIC, Kemal; dr. dipl. ing, 
(74) Zastupnik: 



(54) Naziv: UREDJAJ ZA DETONACIONO- 51) Int. CI 4 . C 10J 3/78 

-IMPULSNO ClSCENJE UNUTRASN J I H B 08B 9/04 

POVRSINA REAKTORA ZA VISOKOPRITISNU 
GASIFIKACIJU UGLJA 

(57) Apstrakt: 



A/A ZA 1756/88/6 od 02.10.1997. 



Mr izet Smajevid, dipLing. 

Or Kemal Hanjalid, dipl.ing. 

Masinski fakultet Sarajevo, 

OOUR Institut za procesnu tehniku, 
energetiku i tehniku sredine 

7 ! 000 ^SARAJEVO 



Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina 
reaktora za visokopritisnu gasifikaciju uglja 

Oblast tehnike u koju spada pronalazak: 

Pronalazak spada u oblast procesne industrije i energetike, posebno u oblast 
proizvodnje gorivog gasa na bazi visokopri tisne kontinuirane gasifikacije uglja, 
odnosno u oblast primjene udarnih talasa na pogonsko ciscenje unutrasnjih po- 
vrsina reaktora za gasifikaciju. 

Prema Medjunarodnoj klasifikaciji patenata pronalasku odgovara simbol 

\ 

Tehnicki problem: 

Tehnicki problem koji se rjesava ovim pronalaskom je definisan na sljededi na- 
cin: Kako u procesu gasifikacije uglja, posebno u procesu visokopritisne konti- 
nuirane gasifikacije sprasenog uglja, sprijeciti rast depozita na unutrasnjoj po- 
vrsini reaktora za gasifikaciju. Kako postidi da se depozit uspostavljen na povr- 
sinama reaktora povremeno odnosi udarnim talasima kontrolisane jacine koji de 
se generisati detonacionim sagorijevanjem pogodnih reagenasa u posebnoj, deto- 
nacionoj, cijevi sa pocetnim nadpritiskom u reagensima, a smjestenoj izvan reak- 
tora. Kako omoguditi pouzdanu kontrolu i izbor jacine generisanih udarnih tala- 
sa uz istovremeno postivanje uvjeta da urerliaj zasnov.-n na ovcm postupku cis- 
denja bude efikasan, siguran u pogonu i jeftin. Kako obezbijediti sigurnu primje- 
nu detonacionih talasa za otklanjanje naslaga u uslovima eksplozivne i zapaljive 
atmosfere u reaktoru. 

Definisani tehnicki problem je rijesen ovim pronalaskom uredjaja za detonacio- 
no-impulsno cisdenje unutrasnjih povrsina reaktora za visokopritisnu gasifikaciju 
uglja. 



Stanje tehnike: 



Savremsni, visokoef ektivni , postupci gasifikacije uglja podrazumi jevaju visokotem- 
peraturnu kontinuiranu gasifikaciju sprasenog uglja u reaktorima sa znacajnim 
nadpritiskom. Ovakvi postupci su danas.u fazi laboratorijskog ill poluindustrijskog 
uhodavanja (npr. VEW-coal conversion process, Dortmund-Gum mersbach ; Postro- 
jenje za gasifikaciju uglja - Energoinvest, Sarajevo). Zidovi reaktora namijenje- 
nih ovakvoj gasifikaciji moraju biti pouzdano hladjeni i zato se na unutrasnjoj 
strani obicno pokrivaju registrima ekonomajzerskih ili isparivackih cijevi sa orga- 
nizovanom cirkulacijom rashladnog medija. Cestice ugija koje u procesu gasifika- 
cije dodju u kontakt sa zidovima reaktora se hlade i, u odredjenom broju sluca- 
jeva, zadrzavaju na zidovima gradeci lako na cijevnim registrima depozit koji zna 
cajno povecava toplotni otpor. Odnosenje ovih naslaga, za vrijeme trajanja gasi- 
fikacije, u dosadasnjoj praksi nije pouzdano rjeseno. Pokusaji sa pneumatskim vi- 
bratorima VEW-Dortmund) nisu dali zadovoljavajuce rezultate, a primjena u tu 
svrhu udarnih talasa generisanih do sada poznatim postupcima, na primjer vazdus 
nim topovima ili poznatim varijantama detonaciono-impulsnog postupka, nije mo- 
guca zbog visokog pritiska u gasnoj sredini reaktora, ali i zbog toga sto je gas- 
na sredina reaktora, ustvari, plin takodje sklon detonacionom sagorijevanju. Nai- 
me, jacina udarnih talasa koji se generisu vazdusnim topovima nije dovoljna za 
emitovanje u visokopritisnu gasnu sredinu reaktora (pritisak vise desetina bara), 
a do sada poznate varijante detonaciono-impulsnih postupaka ciscenja (Kazanski 
univerzitet - SSSR; VUZES, Brno - CSSR, Masinski fakultet, Sarajevo - Jugosla- 
vija) podrazumijevaju generisanje udarnih talasa u impulsno-detonacionim komo- 
rama sa pocetnim pritiskom reagenasa malo iznad atmosferskog i istovremeno 
sa neposredno vezanim otvorenim krajem komore za objekat cisdenja - bez zapor 
nih organa. Kako u gasnoj sredini reaktora vlada visok pritisak ovakav se postu- 
pak ne moze primjeniti na ciscenje reaktora. Problem je, takodje, obezbjediti ta- 
kav detonaciono-impulsni postupak ciscenja koji garantuje da u eksplozivnu sredi- 
nu reaktora nece prodrijeti takva kolicina oksidanta koja bi mogla dovesti do 
eksplozije u reaktoru. 
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Opis rjesenja tchnidkog problema: 

Pronalazak naslovljen kao: "Uredjaj za detonaciono-impulsno cisdenje unutrasnjih 
povrsina, reaktora za visokopri tisnu gasifikaciju ugija", je pokazan na crtezima 
i to: 

slika 1 - prikazuje osnovno rjesenje pronalaska u kojemu Jl- pocetni pritisak rea- 
genasa u detonacionoj cijevi manji od pritiska u reaktoru i u kojemu 
se udarni talasi generisu na bazi spaljivanja goriva uskladistenog u vanj- 
skom izvoru 

slika 2 - prikazuje varijantu 1 pronalaska koncipiranu tako da je poCetni pritisak 
reagenasa u detonacionoj cijevi ravan pritisku u reaktoru i da se kao 
gorivo za generisanje udarnih talasa, koristi plin iz reaktora. 

U oba rjesenja ovog pronalaska, koja su data na slikama 1 i 2, eliminisani su 
nedostaci navedeni u stanju tehnike i obezbjedjeno je pouzdano odnosenje nasla- 
ga iz reaktora za gasifikaciju uglja, jer se, prema slici 1, vanjska strana cijevi 
(26) reaktora (25) cisti udarnim talasima koji se generiSu u detonacionoj cijevi 
(16) prinudnim paljenjem smjese na dovoljnom pocetnom nrsdpritisku, koja se - 
prethodno formira u mjesacu (13) na taj nacin da se u stalan tok stlacenog vaz- 
duha (linija 9), otvaranjern magnetnog ventila (8), povremeno, na odgovarajucfem 
pritisku, upusta pogodan gorivi gas odgovarajud e uskladisten u posudi (1). Za vri- 
jeme punjanja reagensima detonaciona cijev (16) je od gasne sredine reaktora 
(25) odvojena impulsnom klapnom sa pneumatskim ili hidrauli£nim motorom (22), 
koja se, kratko nakon prinudnog palenja smjese izvorom palenja (17), naglo ot- 
vara propustajudi vecf oformljen udarni talas odredjene jacine u gasnu sredinu 
reaktora, nakon cega se klapna (22), takodje naglo, zatvara. Nakon ovoga se ot- 
vara magnetni ventil (20), cime se cmcgudava kontinuiranoj struji v-zduha, koji 
se odredjeno vrijeme, kroz liniju smjese (14), uvodi u detonacionu cijev (16), bez 
mjesanja sa plinom u mjesafu (13) (magnetni ventil (8) zatvoren), da iz detona- 
cione cijevi (16), kroz aerodinamicki ventil (19) sa oduskorn (21), odstrani pro- 
dukte zaostale nakon detonacije. Ovim se detonaciona cijev, ustvari, priprema za 
novo punjenje smjesom i novu detonaciju. Upravljackom arrnaturom postavljenom 
na liniju plina (3) i liniju vazduha (9), a uz pomod protokornjera (7) i (12) se, 
u mjesaCu ejektorskog tipa (13) formira skoro stehiometrijska, ali gorivom bo- 
gata, smjesa, cime je u produktima nakon detonacije sprijccena pojava kiseoni- 
ka, pa inertni ispuh koji se, po otvaranju impulsne klapne (22), iza udarnog ta- 
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lasa, djelimicno emituje u reaktor ne moze stupiti u dopunsku reakciju sa gasom 
u reaktoru. Izborom odgovarajuceg pocetnog pritiska reagenasa u detonacionoj ci- 
jevi (16) - koji je, medjutim, jos uvijek manji od pritiska gasne sredine u reakto- 
ru (2>); je obezbjedjeno generisanje udarnih talasa cija je jacina takva da je osi- 
gurano emitovanje talasa u unutrasnjost reaktora. 

Varijanta 1 pronalaska, pokazana na slici 2, obezbjedjuje generisanje udarnih talasa 
detonacionim sagori jevanjem smjese komprimiranog vazduha (linija 9) i gasa iz reak- 
tora za gasifikaciju (25), nakon prinudnog paljenja smjese izvorom paljenja (17) u 
detonacionoj cijevi (16), u cijem otvorenom kraju sa prosirenjem (32), vezanom 
za reaktor (25), ne postoje nikakvi zaporni organi, pa je pocetni pritisak reagena- 
sa u cijevi (16) ravan pritisku gasne sredine u reaktoru. Prema slici 2 se smjesa 
reagenasa formira direktno u detonacionoj cijevi tako da se u ohladjen reaktorski 
gas, koji se vec nalazi u cijevi (16), kroz povratnu klapnu (15) i perforiranu ci- 
jev (28), otvaranjem magnetnog ventila (27), upusta odredjena kolicina vazduha 
kojeg tlaci kompresor (2). Nakon formiranja se smjesa, koja je, takodje gorivom 
bogata, ali bliska stehiometrijskoj, prinudno pali i sagorijeva prije nego sto joj po- 
kretna granicna ravan naidje na uzarenu zicu (31) koja ima zadatak da sprijeci, 
makar i eventualan, dotok eksplozivne smjese iz detonacione cijevi (16) u reaktor 
(26) gdje vladaju visoke temperature i gdje bi se ta smjesa spontano upalila. Zbog 
visokbg pocetnog pritiska reagenasa se, u detonacionoj cijevi (16), generisu veoma 
jaki udarni talasi, i zadatak prosirenja (32) na otvorenom kraju detonacione cije- 
vi je da omoguci ekspanziju, pa tako i dovoljno slabljenje, ovako generisanih udar- 
nih talasa prije njihovog emitovanja u gasni prostor reaktora. Za novu detonaciju 
detonaciona cijev se, usljed tazlike pritisaka, puni reaktorskim plinom kroz otvo- 
reni kraj (32), a dio produkata od prethodne detonacije, koji je zaostao uz zatvo- 
reni kraj detonacione cijevi (16), se ispusta, otvaranjem magnetnog ventila (30)., 
kroz odusak (29) na cijem je kraju, radi spaljivanja one kolicine reaktorskog ga- 
sa koja .eventualno izmjesana sa produktima prodire kroz odusak, takodje postav- 
ljena uzarena zica (34). Po zatvaranju magnetnog ventila (3D) detonaciona cijev 
(16) se ponovo dopunjava vazduhom i proces se ponavlja. Sistem za hladjenje de- 
tonacione cijevi (33) je vezan za sistem hladjenja reaktora (26), a istovremeno 
podhladjuje generatorski plin u detonacionoj cijevi ispod temperature, samozapa- 
ljenja. U obe varijante pronalaska procesom se, posredstvom kablova za komandni 
napon (a) do (k), automatski upravlja sa komandnog ormara (24). 
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Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina reaktora za visoko- 
pritisnu gasifikaciju uglja - osnovno rjesenje pronalaska (slika !) se, sastoji iz 
nekoliko, na odgovarajuci nacin, medjusobno vezanih cjelina. Linija gorivog plina 
se sastoji od odgovarajuceg broja boca sa uskladistenim plinorn (1), t e od cijevi 
za transport plina (3) u cijem sklopu su postavljeni interventni - racuni zaporni 
ventil (4), redukcioni ventil za rucno podesavanje pritiska u drugom dijelu plinske 
trase (5), sigurnosni ventil sa oprugom (6), protokomjer - prigusnica (7) i mag- 
netni ventil (8). Linija stlacenog vazduha se sastoji od kompresora (2) i transpor- 
tne cijevi za vazduh (9) u cijem sklopu se nalazi rucni interventni ventil (10), ruc- 
ni ventil za redukciju pritiska (11) i protokomjer-prigusnica (12). Smjesa vazduha 
i plina odgovarajuceg (eksplozivnog) sastava formira se u mjesacu ejektorskog ti- 
pa (13) postizanjem odgovarajucih, unaprijed zadatih, protoka plina i vazduha. Ovi 
se protoci ocitavaju na protokomjerima (7) i (12), a po potrebi koriguju na reduk- 
cionim ventilima (5) i (11). Smjesa se formira tako da se u stalnu struju vazduha, 
otvaranjem magnetnog ventila (8), povremeno upuSta plin. Ovako oformljena smje- 
sa se linijom gotove smjese (14), preko povratne klapne (15) uvodi u detonacionu 
cijev (16) i to uz njen zatvoren'i, kraj, gdje je smjesten i elektricni izvor za prinud- 
no paljenje smjese (17). Kolicina smjese koja se upusta u detonacionu cijev prije pa- 
ljenje zavisi od vremena u kojemu se magnetni ventil (8), na liniji plina, drzi u 
otvorenom polozaju, te se na taj nacin, kao i podesavanjem redukcionih ventila 
(5) i (11), cime se regulise pritisak regenasa u cijevi (16), ustvari, regulise jaci- 
na generisanih udarnih talasa. Detonaciona cijev (16) je cijev odgovarajudeg precni- 
ka sa jednim zatvorenim krajem, a ciji je drugi kraj, preko impulsne klapne sa 
pneumatskim ili hidraulicnim motorom (bez cvrste veze sa konstrukcijom reaktora) 
uveden u unutrasnjost reaktora za gasifikaciju (25). Sistem za hladjenje otvorenog 
kraja detonacione cijevi (23) ujedno hladi i impulsnu klapnu (22), a povezan je sa 
rashladnim sistemom reaktora (26). Turbulizator (npr/ pei -foriruna blenda) (18) je 
postavljen u unutrasnjost detonacione cijevi na udaljenosti, racunato u odnosu na 
zatvoreni kraj te cijevi, ravnoj petorostrukom precniku protocnog presjeka detona- 
cione cijevi, a zadatak mu je da, u preddetonacionom sagorijevanju, turbulizira 
tok reagenasa i nailazeci plamen i na taj nacin doprinese sto brzem uspostavlja- 
nju uslova za detonaciono sagorijevanje preostalog dijela reagenasa. Neposredno 
po paljenju smjese izvorom (17), zatvara se magnetni ventil na liniji plina (8), 
usljed razlike pritisaka zatvara se povratna klapna na liniji smjese (15), a otvara 
se impulsna klapna (22) i udarni talas se emituje u unutrasnjost reaktora. Nakon 
ovoga se zatvara impulsna klapna (22), razlika pritisaka ce otvoriti povratnu klap- 



nu (15) kroz koju ce u detonacionu cijev ulaziti, ovaj put, samo vazduh koji ce 
preko aercdinamickog ventila (19) i oduska (21) sa, u tu svrhu, otvorenim mag- 
netni .T- VentUom (20) isprati detonacionu cijev od zaostalih produkata sagorjeva- 
nja. Jos neko vrijeme, po zatvaranju magnetnog ventila (20) u detonacionu cijev 
ce se, radi postizanja zadatog nadpritiska u reagensima prije palenja, upustati sa- 
mo vazduh, a zatim 6e se, otvaranjem magnetnog ventila (8), detonaciona cijev 
uz zatvoren kraj dopuniti odredjenom kolicinom eksplozivne smjese i proces ce se 
ponoviti. Magnetnim ventilima (8) i (20), impulsnom klapnom (22) i izvorom za 
prinudno paljenje smjese (17) automatski se, posredstvom kablova za komandni 
napon (b), (e), (f) i (d), upravlja sa komandnog bloka (24) u sklopu kojeg su, 
posredstvom kablova (a) i (c), smjestene u blokade za automatsko isk! jucivanje 
sistema iz pogona u slucaju uspostavljanja medjusobno neprimjerenih protoka 
plina i vazduha. 

Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina reaktora za visoko- 
kopritisnu gasifikaciju uglja - varijanta I pronalaska (siika 2), se sastoji iz linije 
stlacnog vazduha (9), u cijem se sklopu nalaze kompresor (2), interventni - rucni 
zaporni ventil (10), redukcioni- ventil za rucnu regulaciju pritiska (11), magnetni 
ventil (27), protokomjer - prigusnica (12), povratna klapna (15) i perforirana ci- 
jev (23), koja je svcjim perforiranim dijelom smjestena u detonacionoj cijevi (16) 
sa turbulizatorom (18) i izvorom za prinudno paljenje smjese (17) smjestenim uz 
zatvoreni kraj detonacione cijevi. Eksplpzivna smjesa reagenasa - reaktorskog ga- 
sa i vazduha, formira se tako da se u, sistemom za hladjenje (33), ohladjen re- 
aktorski gas koji, kroz otvoren kraj bez zapornik organa, popunjava detonacionu 
cijev (16) na pritisku ravnom radnom pritisku gasne sredine u reaktoru, otvara- 
njem magnetnog ventila (27), upusta odredjena kolicina vazduha tako da se ta ko- 
licina vazduha, posredstvom perforirane cijevi (28) ravnomjerno rasporedjuje u odre- 
djenoj zapremini detonacione cijevi sm,jestenoj uz njen zatvoren kraj. Po dostizanju 
eksplozivne koncentracije smjese, sto se kontrolise intenzitetom (protokomjer 12) 
i vremenom trajanja protoka vazduha (vrijeme u kojem je magnetni ventil 27 dr- 
zan u otvorenom polozaju), zatvara se magnetni ventil (27), a smjesa se pali izvo- 
rom paljenja (17). Jak udarni talas koji se ovako razvija dovoljno slabi u primje- 
renom prosirenju (32), te se udarni talas primjerene jacine emituje u gasni pros- 
tor reaktora (25), nakon cega detonacionu cijev kroz njen otvoren kraj, popunja- 
va nova kolicina reaktorskog gasa. Nakon ovoga se produkti sagorjevanja, eventu- 
alno zaostali uz zatvoren kraj detonacione cijevi, ispustaju u atmosferu, otvara- 
njem magnetnog ventila (30), kroz odusak (29) na cijem je kraju, radi spaljiva- 



nja eventualno propustenih kolicina reaktorskog gasa, postavljena uzarena zica 
(34). Po zatvaranju magnetnog ventila (30) u detonacionu cijev se, upustanjem 
nove kolicine vazduha, nonovo forrnira odgovarajuca kolicina eksplozivne smjese 
koja se pali i proces se nastavlja. Zadatak uzarene zice (31), smjestene pred 
otvorenim krajem detonacione cijevi, je da sprije£i makar i eventualan prodor 
eksplozivne smjese u unutrasnjost reaktora gdje bi se ta smjesa, zbog visoke 
temperature spontano upaJila. Procesom se, preko komandnog bloka (24) i 
kablova za komandni napon (a), (d), (h), (i), (j) i (k), upravlja automatski. 
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Patentni zahtjev: 

1 . Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina reaktora za vi- 
sokopritisnu gasifikaciju uglja , naznacen time, sto je cijev gotove smjese 
reagenasa (14) sa povratnom klapnom (15) uvedena u detonacionu cijev (16) pri- 
je turbulizatora (18), sto je detonaciona cijev (lo) od reaktorskog gasnog 
prcstora (25) odvojena impulsncm klapnom sa pnaumatskim iii hidrauiicnim moto- 
rom (22) sto je na detonacionoj cijevi (16), prije impulsne klapne (22) posta- 
vljen aerodinamicki ventil (19) sa oduskom (20) i magnetnim ventilom (20) i 
sto je na otvoreni kraj detonacione cijevi (16) i impulsne klapne (22) posta- 
vljen sistem za hladjenje (23) koji je vazan za sistem hladjenja zidova reak- 
tora (26). 

2. Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina reaktora za vi- 
sokopritisnu gasifikaciju uglja, prema zahtjevu 1, naznacen time , sto je cijev 
gotove smjese reagenasa (14) vezana za mjesac ejektorskog tipa (13), za koji 
su na drugoj strani vezani plinovod (3) sa bocama stlacenog plina (1) i zrako- 
vod (9) sa kompresora (2),^ sto su u liniji plina (3) i liniji zraka (9) posta- 
vljeni rucni zaporni ventili (4) i (10), zatim rucni redukcioni ventili(5) i 
(11) i protokomjeri (7) i (12), sto se u liniji plina (3) jos nalaze sigurno- 
sni ventil (6) i magnetni ventil (8), sto su magnetni ventili (8) i (20), te 
impulsna klapna (22) i izvor paljenja (17) kablovima komandnog napona (b), 

(e), (f) i fd) vezani za komandni ormar (24) i sto je komandhi ormar (24) signa- 
Inim kablovima (a) i (c) povezan sa protokom jerima (7) i (12). 

3. Uredjaj za detonaciono-impulsno ciscenje unutrasnjih povrsina reaktora za vi- 
sokopritisnu gasifikaciju uglja, prema varijanti I, naznacen time , sto je zra- 
kovod (9), preko povratne klapne (15) i perforirane cijevi (28) direktno uve- 
den u detonacionu cijev (16) sa turbulizatorom (18) i izvorom prinudnog palje- 
nja (17), sto je detonaciona cijev (16) svojim otvorenim krajem, preko prosi- 
renja (32), direktno-bez zapornih organa, uvedena u gasni prostor reaktora (25) 
sto je vanjski zid , po cijeloj duzini detonacione cijevi (16), pokriven rashla- 
dnim sistemom (33), koji je vezan za rashladni sistem reaktora (26), sto je u 
otvoreni kraj detonacione cijevi (16) postavljena uzarena zica (31) i sto je' 
uz zatvoreni kraj detonacione cijevi (16) postavljen odusak (29) sa magnetnim 

... ventilom (30) i uzarenom zicom (34). 
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Uredjaj za detcnaciono - impulsno ciscenje unutrasnjih povrsir.a reaktcra za 
visokopritisnu gasifikaciju ugl ja , prema zahtjevu 3, naznacen_time,sto je u 
sklcpu zrakovoda (9), iza visokctlacrcg kompresora (2) postavljen magnetni 
ventil (27), sto su magnetni ventili (27) i (30), kao i izvcr prinudncg palje- 
nja (17), kablovima komandnpg napcr.a (d ) , (h) i (i) povezani sa kcmardnim or- 
marom (2H) i sto je kcmandni oraar (24) posredstvom visezicnih kablcva (j) i 
(k) povezan sa uzarenirc zicama (3D i (3*0, a posredstvcm signalnog kabla (a) 
sa protokomjerom (12). 
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Kratak sadrzaj sustine pronalaska : 

Pronalazak se odncsi r-a uredjaj za detonaciono - irepulsno ciscenje unutrasrjih 
pcvrsina reaktora za visokcpritisnu gasifikaciju uglja pri cemu je. pored osno- 
vnog, dato i jedno varijantno rjesenje uredjaja. 

Csnovno rjesenje pronalaska podrazumi jeva odnosenje depozita sa unutrasnjih povr- 
sina reaktora (26) udarnim talasima koji se, u detonacioncj cijevi (16) smjeste- 
ncj izvan reaktora, generisu det cnacionim sagori jevanjem , na odredjen nacin pre- 
thodnc pripremljene, smjese reagenasa - vazduha i odgovara juceg plinovitog gori- 
va. Peagensi se, preko mjesaca (13), uvode u detonacionu cijev (16) i tlace na 
odgcvarajuci pocetni pritisak - manji od pritiska u gasncj sredini reaktora. De- 
tcnacicna cijev je od gasne sredine reaktora odvojena automat ski upravljanom impu 
Isnom klapnom sa pneumatskim ili hidraulicnim motorom (22) koja se , po paljenju 
smjese u detcnacionoj cijevi naglo otvara propustajuci udarrd talas u reaktor . a 
zatim se raglc zatvara. 

Varijantno rjesenje uredjaja'- je zasnovanc na generisanju udarnih talasa prinudmm 
paljenjem sn.-jese genera torskog plina i stlacenog vazduha na pocetnom pritisku 
ravnom pritisku u gasnoj sredini reaktora (26). U otvorenom kraju detcnacicne ci- 
jevi (16) nema zapornih organa, ali je prosirenjem (22) cbezbjedjenc dovcljno sla 
bljenje talasa prije njihovcg emitovanja u reaktor. 
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Navod o najboljem nacinu za privrednu upotrebu prona laska: 

Uredjaj za detonaciono-impulsno ciscenje unutraSnjih povrsina reaktora za visoko- 
pritisnu gasifikaciju uglja daje najbolje rezultate u odnosenju sipkih naslaga i za- 
to ga, u pogonu reaktora, treba upotreb! javati prsventivno, dakle dovoljno cesto 
(npr. 3 do 6 puta u toku 24 casa). Duzi prekid u cisdenju moze dovesti do ocvrs- 
cavanja naslaga na zidovima reaktora, pa tako i njihovog tezeg odnosenja. Jedno 
ciscenje ovim uredjajem podrazumi jeva generisanje serije od 10-*- 15 udarnih tala- 
sa. Na reaktor se, po potrebi, moze postaviti i vise detonacionih cijevi sa central- 
nom pripremom eksplozivne smjese. 

Detonacione cijevi trebaju imati precnik 150 - 200 mm i duzinu 10-- 15 m, a 
jedan kraj im treba zatvoriti. Drugim, otvorenim, krajem detonaciona cijev se, na 
odgovarajucem mjestu - obicno u podrucju nizih temperatura, uvodi u gasni pros- 
tor reaktora. Potrebno je omoguciti dilataciju otvorenog kraja detonacione cijevi 
u odnosu na zid reaktora. Pri pritisku gasne sredine reaktora od 25 bara i uvodje- 
nju vanjskog goriva za generisanje talasa preporucuje se pocetni pritisak reagena- 
sa u detonacionoj cijevi 4+5 bara. Za generisanje jednog udarnog talasa potreb- 
no je 0,4 -«- 0,7 Nm 5 , u odredjenom omjeru, izmjesanih reagenasa. 
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